Introduction
Wild birds play an important role in the spread of both avian influenza viruses and avian mycobacteriosis in human and animal populations (Hubálek 2004; Crawford et al. 2006; Alexander 2007) .
Avian influenza is caused by the Influenza A virus (AIV) that belongs to the family Orthomyxoviridae. Ecological studies have established that all known influenza A viruses are derived from strains circulating within wild birds, where they usually appear to be nonpathogenic (Webster et al. 1992) . All 16 HA (hemagglutinin) and 9 NA (neuraminidase) subtypes of influenza A are known to infect wild waterfowl, resulting in an extensive reservoir of influenza viruses circulating in bird populations. While all birds are thought to be susceptible to infection with AIV, many wild bird species carry these viruses with no apparent signs of harm (Webster et al. 1992) . Transmission of AIV from wild birds can cause disease in domestic poultry. Genetic reassortment between avian and human viruses does not always lead to infection in humans but can give rise to hybrid strains capable of infecting humans (Kawaoka 2001) .
Avian mycobacteriosis is worldwide in distribution and affects mammals, birds, reptiles, amphibians and fish (de Lisle et al. 2002; Hubálek 2004; Crawford et al. 2006) . Infectious diseases of this type can be disseminated by birds into vulnerable human populations such as those infected by human immunodeficiency virus or other chronic and debilitating diseases (cancer, lupus, diabetes etc.) (Soler et al. 2009 ). Mycobacteria are classified into the M. tuberculosis and the M. avium complex. The M. avium complex has isolates of 28 serotypes, and of these serotypes 1 to 6, 8 to 11, and 26 are classified as M. avium subsp. avium while isolates of serotypes 7, 12 to 20 and 22 to 28 (except 26) are classified as M. intracellulare species (Thorel et al. 1990 ). The other species include the mycobactin-dependent mycobacterial isolates M. avium subsp. silvaticum, which has a tuberculous pathology, and the animal pathogen M. avium subsp. paratuberculosis (MAP), which has been suggested to be a causative agent of human Crohn's disease (Thorel 1989; Pavlik et al. 2000) . The majority of M. avium subsp. avium with serotypes 1 to 3 induce tuberculosis in birds (Thoen 1994) and can be transmitted from this reservoirs to humans (Schaefer 1965; Thorel 1984; Pavlik et al. 2000) as well as various other animal species including pigs and cattle. Serotypes 4 to 28 do not cause avian tuberculosis in birds although serotypes 4 to 6, 8 to 11, and 21 can cause pathological changes in pullets after inoculation (Piening et al. 1972; Mijs et al. 2002) .
The aim of this study was to assess the prevalence and patterns of distribution of AIV and mycobacteria in commonly occurring wild birds. Since the current status of avian mycobacteriosis in nature is poorly documented, we were interested to determine whether AIV prevalence had any influence on that of mycobacteria and vice versa.
Material and methods

Collection of samples
In April and June/July 2008, cloacal and oropharyngeal swabs were collected from birds captured in the Parížske močiare wetlands area in Western Slovakia. The Parížske močiare National Nature Reserve is one of the largest marshes in Western Slovakia, and is located near the villages of Gbelce and Nová Vieska (47 • 51 N, 18
• 29 E). All samples were transported to the laboratory and immediately frozen at -70
• C until they were analyzed. Most birds looked healthy upon capture, without any obvious signs of sickness. No birds were harmed or killed during sampling.
RNA purification and detection of AIV by nested-RT-PCR Each swab was extracted in 3 ml of PBS. RNA present within 100 µl aliquots of these extracts was purified using a NucleoSpin RNA XS kit (Macherey Nagel). cDNA was synthesized from purified RNA by reverse transcription using random oligonucleotide primers. cDNAs were amplified by PCR using 2xPCR Master Mix (Fermentas) and primers M1F (5'-CAAGACCAATCCTGTCACCTCTG-3') and M1R (5'-CAAAATGACCATCGTCAACATC-3') which targeted the conserved region of the M gene, as described previously by Betakova et al. (2005) . Specific PCR products of 821 bp were used as templates for a second round of PCR using primers: M2F (5'-GCTAGGCAGATGGTGCAGGCAATG-3') and M2R (5'-GTAGAAGGCCCTCTTTTCAAAC-3'). Thirty five cycles of PCR were performed with each cycle consisting of denaturation at 94
• C for 30 s, annealing at 55
• C for 30 s, and final extension at 72
• C for 10 min, as described previously by Gronesová et al. (2007) .
Determination of HA and NA subtypes by nested PCR AIV-positive samples were used in nested PCR reactions, employing primers specific to each HA and NA subtype. Primers were designed to be specific to the conserved regions of each HA or NA subtype, as described previously by Gronesova et al. (2009) .
Extraction and purification of DNA DNA present in 100 µl of each PBS extract (mentioned above) was subjected to purification, using a NucleoSpin Tissue kit (Macherey Nagel). Extracted DNA was stored at -20
Detection of M. avium and MAP by PCR 2xPCR Master Mix (Fermentas) was used for all PCR reactions. Primers specific for M. avium Tbll (5'-ACCAACGAT GGTGTGTCCAT-3') and Tb12 (5'-CTTGTCGAACCGCA TACCCT-3'), which have previously been described by Telenti et al. 1993 , were used to amplify a 439-bp fragment. Forty five cycles of PCR were performed, with each cycle consisting of denaturation at 94
• C for 1 min, annealing at 60
• C for 1 min, and extension at 72
• C for 1 min, followed by 10 min of extension at 72
• C. Birds were screened for MAP using primers IS900A (5'-ACGCCGCGGGTAGTTA-3') and IS900B (5'-GGGGCGTTTGAGGTTTC-3'), as previously described by Overduin et al. (2004) . PCR was performed using 35 cycles (denaturation at 94
• C for 30 s, and extension at 72
• C for 10 min. All specific PCR products were separated by electrophoresis through 2% agarose gels and visualized by staining with ethidium bromide.
Results and discussion
In April 2008, we captured 530 birds in the Parížske wetlands. These included representatives from 14 common species of the orders Passeriformes and Falconiformes (Falco subbuteo) ( Table 1) . Nearly all were migrants from Africa, and from a variety of habitats: marsh-dwelling (Acrocephalus spp., Emberiza schoeniclus, Panurus biarmicus); forest-dwelling (Carduelis chloris, Falco subbuteo, Sylvia curruca); water-dwelling Motacilla alba); field-dwelling (Carduelis cannabina); and synanthropic (Hirundo rustica).
PCR screening of samples from these caught birds revealed that 13.6% were positive for AIV (Table 1) . Infections were detected either in oropharyngeal or cloacal samples, or in both. A total of 14 different viral subtypes were identified in 72 AIV-positive samples, with 28 (5.3%) of oropharyngeal samples and 27 (5.1%) of cloacal samples determined as being AIV-positive (Table 1). Samples from both the oropharynx and cloaca were positive in a further 17 birds (3.2%). In most cases, the same virus was identified in both the oropharynx and cloaca. However, we recorded seven examples (one of the 48 captured Acrocephalus arundinaceus, one of the five captured Acrocephalus melanopogon, two of the 162 captured Acrocephalus scirpaceus and three of the 194 captured Acrocephalus schoenobaenus) where different AIV infections were found in the two anatomical sites of a single bird (H1N1 and H8N3; H9N3 and H1N3; H12N6 and H2N3; H2N1 and H8N1; H11N6 and H5N5; H11N6 and H6N4; H7N1 and H10N3 in the oropharynx and cloaca, respectively).
Long-term shedding of virus from the gastrointestinal and respiratory tracts of infected birds is well documented (Humberd et al. 2006) . Birds shed AIV for many days post-infection (up to 45 days) -even while lacking overt symptoms. (Humberd et al. 2006; van der Goot et al. 2007 ). Birds living and nesting close together are likely to be exposed to many subtypes, and harbouring one AIV infection does not seem to preclude infection with another (Gronesova et al. 2007 (Gronesova et al. , 2008a Goyal et al. 2010 ). Co-infected birds (one subtype present in the oropharynx and another in the cloaca) were obviously infected with the two subtypes of AIV at different times. Co-infected birds provide optimal conditions for reassortment of viruses, serving as a mixing vessel for AIV such that novel influenza viruses can arise. The relatively high diversity of influenza viruses observed in these birds can be explained partly by the fact that we obtained samples from representatives of 14 species that had flown in from different parts of Africa. We did not detect subtypes H4 or H16 in any of our samples. It was also evident that the percentage of AIV-positive samples was much lower as a percentage of all positive samples tested than that observed in 2006 (Gronesova et.al. 2007 (Gronesova et.al. , 2008a Mižáková et al. 2008 ). However, the figures for 2008 were similar to the average of AIV-positive samples observed during large-scale surveillance carried out in Northern Europe (Wallensten et al. 2007 ).
The high percentage of observed AIV-positive samples in our caught birds could also be related to the fact that we collected and tested two different samples (cloaca and oropharynx) from each bird. It has previously been shown that throat swabs are more suitable for the detection of AIV in chickens infected by intranasal inoculation (Guo et al. 2000 , Chaharaein et al. 2006 . The presence of AIV in chickens infected through the intranasal route was detectable in oropharynx swabs just one day post-inoculation (Chaharaein et al. 2006 ) and could be detected in such swabs for at least 6 days p.i. (Carman et al. 2000) . Such data from cloacal swabs are not available. Moreover, little is know about the replication and spread of AIV in wild birds. We observed that the most objective results are obtained when oropharyngeal and cloacal samples are tested simultaneously (Gronesova et al. 2007 (Gronesova et al. , 2008a Mižáková et al. 2008) . In June/July 2008, a total of 120 birds were captured in the same locality, all of which belonged to the order Passeriformes (Table 2 ). All species were marshdwelling and nested in this area. Of the eight species represented in our summer sample, only the Emberiza schoeniclus and Panurus biarmicus were non-migrants. Twenty-one (17.5%) of birds tested were positive for AIV. Eight oropharyngeal samples (6.7%) and eleven cloacal samples (9.2%) were observed to be AIV positive. Only two (1.6%) birds yielded AIV-positive samples from both the oropharynx and cloaca. There was a single example of different viruses being found in the two anatomical sites of one bird: a Panurus biarmicus tested positive for subtype H9N6 from its oropharyngeal swab and for H4N2 from the cloacal swab.
Prevalence of AIV was comparable with that seen in this locality two years earlier during the summer of 2006 (Gronesova et al. 2008a) , with most of the same species of birds captured and tested. However, the diversity of detected subtypes this year was higher. The H3 subtype was dominant in this locality two years ago (Gronesova et al. 2008a ) while subtypes H12, H6, and H8 were most abundant in 2008.
We recorded a higher prevalence of AIV during the summer than in spring. Prevalence of AIV in our birds samples taken in different seasons varied between years but followed a generally established pattern, i.e. lower values in spring and early summer compared with those obtained in the late summer and fall (Wallensten et al. 2007 ). Studies of AIV ecology in wild birds from North America have also shown seasonal changes and between-year fluctuations in prevalence and subtype distribution (Webster et al. 1992; Krauss et al. 2004) . Recently, it has been suggested that birds from the order Passeriformes could act as influenza reservoirs (Fuller et al. 2010) , and our results support this. A total of 9.1% of swabs taken from birds caught in April 2008, and a single sample (0.8%) taken from birds caught in June/July, tested positive for M. avium (Tables 1, 2) . MAP was not detected in any sample. The PCR products obtained from these samples were not investigated further.
It is thought that under favourable conditions, all species of birds are susceptible to M. avium subsp. avium (Hejlicek & Treml 1994) . A decade-long study of nearly 12,000 wild birds tested in the Netherlands revealed that 0.7% of birds had tuberculosis (Smit et al. 1987) . Our previous studies have shown a relatively high prevalence of M. avium and MAP among migratory birds, especially waterfowl (Gronesova et al. 2008a) . Indeed, samples obtained from the similar species of birds were tested in this area of Western Slovakia in June 2006 and 26% of samples were shown positive for M. avium and 5% for MAP. The number of positive samples markedly decreased in 2008. Our captured birds did not show any signs of disease, corresponding with the fact that birds exhibit a relatively high resistance to tuberculosis. It is possible that individuals may act as hosts for M. avium subsp. avium over a long period of time without presenting any symptoms of infection (Dvorska et al. 2007 ).
One Acrocephalus schoenobaenus was shown to be positive for AIV subtype H6N3 from its oropharynx swab and M. avium from its cloacal sample. An Acrocephalus melanopogon tested positive for AIV (H12N2) and M. avium in its cloacal sample. Since only two birds were co-infected with these two pathogens, we cannot infer any obvious connection between AIV and tuberculosis.
This study contributes to the ongoing surveillance of disease in wild birds across Europe. Animals with advanced forms of infectious diseases can intensively contaminate their surrounding environment and consequently represent a serious risk of spreading disease. Transmission of disease is particularly risky in pigeons, sparrows, swallows, and other passerines, which can spread disease to domestic poultry and animals, and also to humans (Kawaoka 2001; Hejnicek & Treml 1994; Dvorska et al. 2007 ). The presence of both M. avium and AIV in birds captured in African wintering and stopover sites provides opportunities for transmission of infectious diseases between populations and the potential for these diseases to be spread over extensive areas of Europe and Africa.
